Abstract: Plants support fauna richness and can be aesthetically pleasing. They also play an invaluable role in the assimilation and removal of nutrients. Canna indica L, Iris tectorums, Lythrum salicaria L., Cyperus alternifolius were found to be highly effective in remediating high nutrient levels in an aquatic environment. In this paper, the four plants were planted in floating beds in a park pond-Fuzhuang, Hefei city. The nearby pond-Lianfang as control was unplanted. The results suggested that combination of four species emergent plants performed well in nutrients removal; the removal efficiencies for suspended solids (SS), turbidity, total nitrogen (TN), total phosphorus (TP) were 82.5%, 87.5%, 75%, 82.9% respectively, compared with the control. At the end of the test, it successfully transformed from V grade water-body to III grade water-body. Different periods of flowering could maintain longer landscape effect. This paper demonstrated that combination of emergent plants could form pleasant scenery as well as restore eutrophic landscape pond.
Introduction
Urban landscape water possesses crucial ecosystem service functions in the city. It provides good living condition and pleasing ornamental effect of humankind, benefits the survival of the local aquatic organisms (Biggs et al., 2005) . Landscape water is always static or illiquid semi-closed water-body, with the feature of small area, easy to polluted, small capacity of water environmental, low water self-purification ability. Except these features, accumulation of N, P, and human activities accelerate eutrophication of landscape water. It was characterised by algae blooms, increase of chromaticity, water surface blackening, and a foul smell emitting.
There are many measures to control eutrophication, such as chemical, physical and biological-ecological treatment. However, chemical treatment might cause secondary pollution. Physical treatment is time-energy consuming, and its effect cannot last for a long period. Compared with these treatments, phytoremediation is an emerging technology which is widely used in the treatments of wastewater and eutrophic water-bodies nowadays, because it is a novel, cost-effective, efficient, environment -and eco-friendly, in situ applicable remediation strategy (Ali et al., 2013) .
Plants are an integral part in phytoremediation. It has been reported that Canna indica L has been widely used for the removal of organic pollutants, nitrogen, phosphorous and heavy metals (Nagati et al., 2014) because of its long flowering duration, easy growth and reproduction and stronger nutrients uptake. Canna bears large beautiful racemes and attractive green or leaves, with stripped or wedged-shaped variegation (Doi et al., 2013) . It has a higher stem height compared with other ornamental plants, that is about 1-2 m. Starting in June, it is flowering until October and so long flowering period increased its landscape effect. And broad leaves of Canna could prevent sunshine to water surface that affect photosynthesis of algae. Some researchers (Zhao et al., 2012; Bu et al., 2010; Wu et al., 2012; Konnerup et al., 2009 ) has demonstrated that Canna showed greater P uptake than other aquatic plants, but the removal efficiency of N by Canna was not very high (Sun et al., 2009) .
Iris tectorumss is mainly used as the ornamental plants, due to their basal fan of unifacial leaves and colourful flowers (Kaššák, 2013) . It has a height of 30-50 cm, a lower stem height in aquatic plants, and it blossoms in April and May. The result of a test by Gao et al. (2008) showed that the removal of PO 4 3-by Iris reached more than 96% and better than others. The result of Zhang et al. (2007) also indicated that Iris group was the most efficient for TP removal.
Lythrum salicaria L. is often found near banks of the river, lake, and damp grass. Generally, its stem height ranges from 30 to 120 cm, and blooming period is July to September. The root mass of Lythrum salicaria L. is strong and hard which can uptake nutrients from water, so it had a luxuriant growth (Lu et al., 2010) . However, it has been reported that Lythrum group was not pronounced efficient removal of TN compared with the control (Zhang et al., 2007) .
Cyperus alternifolius grows in humid areas or swampland, grows fast with extensive root system, long root length (1.8 m). Its productivity is high with a height of 40-160 cm and could form a good landscape. According to Liao et al. (2003) , Cyperus can significantly influence the removals of NH 3 -N. Because of the uptake of TN by the roots and the accumulation of TN in the aboveground tissues, there was about 1.2-1.7 times more TN removed with the presence of Cyperus as compared to without this plant species (Cui et al., 2009) .
The remediation effect of single plant has been proved very well, but researches of their combinations were seldom reported. According to the description above, their combinations have advantages as the following: 1 uneven stem height, forming a layering feeling of visual effects 2 four kinds of plants flowering at different times, increasing the ornamental period 3 four plants have different uptake of N and P, their combination can effectively remove N and P in water 4 their extensive root system can effectively intercept suspended solids in water.
Based on those advantages, these four native emergent plants: Canna indica L, Iris tectorums, Lythrum salicaria L. and Cyperus alternifolius were selected in this study. Plants were planted in the vacuum floating bed which is a surface soilless planting technology and has been proved to be cost-effective and feasible (Zhu et al., 2011) . It is conceivable that plant uptake of nutrients may be higher in a floating bed system compared to a constructed wetland, as the roots hanging beneath the floating mat are in direct contact with polluted water to be treated (Zhao et al., 2012) . It permits establishment of marginal, semi-aquatic, and aquatic species in deeper waters and soilless could prevent nutrients releasing from soil.
Until recently, although numerous studies on phytoremediation have been conducted, most of these studies were performed with laboratory, or pilot-scale experiments (Zimmels et al., 2006; Chen et al., 2013) . Several experiments were carried out in open water environment. Fewer studies have been conducted to ascertain the performance of phytoremediation in the landscape rivers (Hu et al., 2012) . Application of phytoremediation on landscape pond in a park is seldom reported. The features of water in South China are as the following: higher temperature, slower flow, easy accumulation of nutrients. Due to this, eutrophication phenomenon often occurs in South China. This study was carried out to remediate eutrophic lake or pond in these areas. The paper aimed to evaluate: 1 landscape effect of the combination of four plants 2 plants growth during the test 3 nutrients removal efficiency of phytoremediation 4 nutritional status of water by comprehensive nutrition state index method.
Materials and methods

Test site description
The study was carried out on semi-closed pond named 'Fu Zhuang', an important landscape part of 'Huan Cheng Park' in Hefei City, which locate at Southeast China with the Longitude 31N51 and Latitude 117E17. The city is in the subtropical humid monsoon climate zone, the annual average temperature and rainfall are 15-16°C and 900-1,000 mm.
Fuzhuang Pond covers an area of 600 m 2 with the mean depth of 120 cm. Huan Cheng Park has the total length of 8.7 km, with a total area of 137.6 hectares. It makes round-city-water system of Hefei enclosed to be a circle through channels and branch streams. The park is the most important entertainment and landscape place of the city. In the recent years, reclaimed water as the sole supplement was supplied to this 10 4 m 3 /d round-city-water system instead of tap water due to the water shortage. The supplement of reclaimed water stimulated the algae growth, which led to serious eutrophication of the water-body in the park.
Most of water-bodies in the park were classified V grade water; include Fuzhuang and the control, Lianfang Pond. Lianfang Pond is close to Fuzhuang Pond, having a total area of 200 m 2 . The average water depth is about 1.0 m. None emergent aquatic plant was planted in Lianfang Pond. Planting method: The roots of seedlings were wrapped in sponge, then the wrapped seedlings were squeezed into plastic pot (20 mm × 20 mm), the pot was embed into baskets with the diameter of φ100-150 mm. The plastic baskets were bound to form floating beds. This planting method made the seedling roots fully soak in the water.
Planting method and layout
Water sample analysis
The test was carried out from April 27, 2010 to October 2010. Water samples were collected weekly from the control and the treatment plots and analysed for water quality parameters, including temperature, pH, TN, TP, turbidity and COD Mn (potassium permanganate index). TP were measured according to standard methods (APHA, 2005) . Temperature, pH and turbidity were tested by handheld multi-parameter instruments (thermometer, pH metre and turbid metre).
Nutritional status evaluation
Comprehensive nutrition state index method was adopted according to Gu et al. (2006) .
Chlorophyll-a (Chla), TN, TP, SD (transparency detected by Secchi disc) and COD Mn (chemical oxygen demand detected by potassium permanganate) were taken as evaluation parameters, chlorophyll as the independent variable. The equations were as follows: 
TLI(Σ) is comprehensive nutrition state; W j is the relative weights of nutrition state index of parameter j; TLI(j) is the nutrition state index of parameter j (Gu et al., 2016) .
Results and discussion
Growth response of the four native plants
During the test period, temperature changed with the maximum value of 30.8°C and the minimum value of 14.8°C (Figure 2 ). This temperature was very beneficial to plants growth and the absorbing of N and P for plants. The emergent aquatic plants reached the maximum vegetative growth and greatest height in August and September. Phenological analysis (Table 1) showed growth of four plants. In the early stage of the test, Canna indica L grew rapidly with a rate of 0.73 cm/d then slowed down with the rate of 0.39 cm/d. When the stem heights reached about 120 cm, it remained stable. Each Canna had about seven broad leaves which prevented sunshine to water surface. During the test, its yellow flower could keep more than 80 days, almost three months.
Iris tectorums grew slowly first, with the rate of 0.25 cm/d, because it need to adapt to growing environment. And it began to have flowers at the 20th day. Then it grew rapidly with a rate of 1.06 cm/d. In the end, its stem height reached 90 cm. Table 1 showed that, at the beginning, plants grew slowly for the adaptation to the eutrophic environment. With numerous uptakes of nutrients by roots, plants have reached the maximum biomass. Their roots extend complexly under the floating bed and formed a network which was benefit to absorb nutrients from water. The leaves expand outwards and the coverage of leaves on water surface reached more than 40% of the area. Although broad leaves prevent sunshine from water surface, it also provides adequate lighting for aquatic organisms such as fish. And uneven stem height formed a layering feeling of visual effects. The flowering period lasts from May to September. Four plants flowered alternately with different colours to form pleasant scenery for a long time. In addition, four plant species have the following characteristics that suit for phytoremediation (Ali et al., 2013) : 1 high growth rate 2 production of more above-ground biomass 3 widely distributed and highly branched root system.
Plants effect on water quality
A critical factor for water quality is pH which greatly influences the aquatic system. In Figure 3 , changes of pH during test are depicted. During the first period (days 1-20) pH values showed an unexpected decrease. Test plants, during the adaptation phase to the new environment, grew slow showing a weaker photosynthetic efficiency with a minor CO 2 consumption, but the other aquatic plant and algae in test water should nevertheless contributes to the rise of pH. One explanation is that 40% of coverage of the water surface by test plants effectively prevents that sunlight reaches the other aquatic plants by limiting their photosynthesis (Lu et al., 2010) . As test plants gradually adapted to the eutrophic environment, pH value began to arise. After 120 days, in autumn, plants reached their biggest biomass but the leaves turned yellow and their photosynthetic activity dropped down and CO 2 accumulated in water by decreasing the pH.
Natural-growing aquatic macrophytes can be used to remove nitrates and phosphates by consuming them in the form of plant nutrients (Zimmels et al., 2006) . The growth of four selected emergent plants improved water quality in Fuzhuang Pond, which was evidenced by decreased SS, turbidity, TN and TP concentration, as compared to the control pond -Lianfang pond, after 200 days of phytoremediation. Changes in these parameters are displayed in Figure 4 . The comparison of the test and control pond is listed in the top right corner of each figure.
Turbidity, SS, and TN and TP concentrations of both the test and the control water body changed seasonally as shown in Figures 4(a) -4(c); they increased during the summer when temperature was high and decreased during spring and autumn temperatures dropped. Data in the control pond were collected from September 8 to October 30, which was when the test ended. Figure 4 (e) shows the changes in transparency, while, Figure 4 (f) shows the changes in algae number, which exhibited a tendency reduce following an increase. The reduction in SS and chromaticity caused a reduction in turbidity and an increase in transparency. At the end of test, SS and turbidity in the test pond reduced by 82.5% and 87.5% to about 7 mg/L and 5 NTU, respectively. In the control pond, SS and turbidity were 40 mg/L and 40 NTU. Transparency increased from 60 cm in May to 100 cm. TP concentration in the test water body increased during days 1-80, and then had a peak of 0.37 mg/L at the 80s day, actually reached about 0.06 mg/L, while that in the control was about 0.35 mg/L. The removal efficiency of TN and TP in the test pond were 75% and 82.9%, respectively, compared with the control. In the first test period (days 1-30), plants needed to adapt their growth to the nutrient-soilless new environment. Because of a poor photosynthetic capacity, little biomass was produced. The plants competed with algae for the absorption of nutrients but were at a disadvantage. Due to sufficient N and P concentrations, and moderate temperatures, algae were able to breed rapidly. Algae blooms resulted in a rise in turbidity. When the plants completely adapted to their new growth environment, they entered the rapid growth stage. The lush leaves extended outward, especially those of Canna indica L and Iris tectorums. The leaves prevented sunlight from reaching the water surface, and consequently inhibited the photosynthesis of the algae. This inability to carry out photosynthesis, caused the death of the algae. The dead algae underwent decomposition, which caused the release of the nutrients in the algae into the water. The plants, particularly Lythrum salicaria L. and Cyperus alternifolius, possessed extensive root systems, with long thick taproots and numerous small lateral roots. These roots expanded like a net under the floating discs, which proved beneficial to nutrient uptake. In addition, suspended solids in water, which contributed significantly to water turbidity, were effectively intercepted by the roots. However, TP increased during days 1-80. The reasons for this may be as follows. The first possible reason is that a significant amount of dissolved phosphorus might have been released to the water from sediment (Xie et al., 2003) . The second likely reason is the large input of storm water during the rainy season, which brings soil particles and solutes, including nutrients (Chen et al., 2013) . Along with plant growth, a large amount of nutrients were absorbed by the roots, and transferred to other organisations to meet the demand of its own growth. At the end of the test, the aboveground biomass was harvested. Finally, nutrients were removed from the water.
At the end of this study, the water quality of Fuzhuang Pond had satisfied the requirements for a level-III water body (TN ≤ 1 mg/L, TP ≤ 0.2 mg/L), as prescribed by the Chinese National Surface Water Quality Standards (GB3838-2002) (2002).
Nutrient uptake by plants
A large amount of nutrients: carbon, nitrogen, phosphorus, etc. were absorbed through the extensive root system of plants, in addition to inhibit algae's growth and improving water quality. Nutrients transferred from water to plant through absorption, and were removed through the plants' harvest. Nutrients content were tested in order to determine the plant uptake of nutrients during the test.
The uptake of C, N and P in test waterbody by plants were 137.3 kg, 24.2 kg and 2.24 kg respectively from , 0.004 kg/m 2 respectively. It was estimated that plants could uptake 105.7t C, 18.5t N and 1.85t P from water when phytoremediation was applied in Huan Cheng Park (46.17 ha). Phytoremediation as a low-carbon technology to inhibit algae outbreak and improve water quality, can make a positive contribution to energy conservation and emissions reduction.
Evaluation of water nutritional status
Water's nutritional status was evaluated by comprehensive nutrition state index method according to dates of Chla, TP, TN, transparency (SD), COD Mn of test water and the control. From Table 3 , it was able to see the successful transform from serious eutrophication to oligotrophy state through phytoremediation clearly. All the plants were harvested in October, because the nutrients that have been incorporated into the plant tissue may be returned to the water during the decomposition processes without harvest (Lu et al., 2010) . Moreover, 70% of plants sprouted in the spring next year. This saves the investment to buy plant seedlings in the following years. Phytoremediation is an economically viable method to remediate eutrophic ponds.
Conclusions
This paper investigated the phytoremediation effect on landscape lake by the four native emergent plants: Canna indica L, Iris tectorums, Lythrum salicaria L. and Cyperus alternifolius.
